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Pemphigus vulgaris autoantibodies (PV IgG) promote 
cell detachment in epidermal cell cultures and acan-
tholysis in the epidermis of neonatal BALB/c mice in 
vivo. We have studied the evolution of the immunologic 
and ultrastructural changes in the epidermis of BALB/c 
mice that receive parenteral injections of PV IgG. Neo-
natal BALB/c mice received a single i.p. injection of PV 
lgG (10 mg/g body weight) or control lgG from normal 
humans. The skin and serum of these animals was ob-
tained at 0, 1, 3, 6, 12, 18, and 24 h post injection, and 
examined by immunofluorescence (IF), electron micros-
copy (EM), and immunoelectron microscopy (IEM). PV 
lgG was detected in the mouse serum and bound to the 
epidermal cells as soon as 1 h after injection by IF and 
IEM. The intensity of the binding in the skin (by IF) 
increased sharply between 3 and 6 h, and remained 
positive at 2 4 h. Early epidermal cell detachment was 
demonstrable by EM at 1 h as widening of the epidermal 
intercellular spaces (ICS), and by 6 h the ICS between 
desmosomes had detached completely. Desmosomal 
junctions are the last to separate, occurring at 12-18 h. 
At this point, complete cell detachment occurred in the 
suprabasilar layers of the epidermis. Basal cells remain 
attached to the underlying dermis (tombstone row). 
Coincident with cell detachment, intracellular tonofila-
ments retracted from the cell periphery and clustered in 
a perinuclear position . IEM confirmed the binding of PV 
antibodies to the surface of epidermal cells in early and 
established lesions. This study demonstrates that the 
early immunologic and ultrastructural changes that oc-
cur in human pemphigus vulgaris are reproduced in this 
mouse model of the disease. 
Pemphigus vulgaris (PV) is a severe and often fatal blistering 
disease, affecti ng t he skin and mucous membranes, in which 
intraepithelial vesicles form as a re ul t of a distinctive process 
of cell detachment term ed acant holysis [1] . The molecular 
mechanisms a nd t he init ial morphologic changes t hat lead to 
acant holysis a re still a matte r of some controversy. 
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Ultrastructural observations of acantholysis in pemphigus 
vulgaris have been reported by severa l authors [2-4]. T hese 
studies have been carried out using skin from patients with 
active pemphigus, obtained by biopsy. These human specimens 
are sui tab le fo r obtaining informat ion on the ultrastructural 
pathology of acantholysis in clinically detectable skin lesions, 
but t hey are limited by certain inherent difficulties, as it is not 
easy to get a biopsy spec imen that shows t he initial morphologic 
changes t hat precede acantholysis. No valid conclusions re-
garding a dynamic sequence of events can be drawn on the 
bas is of micrographs taken at a single point in time. 
In order to overcome this disadvantage, studies of the devel -
opment of acant holysis were performed in a skin explant sys-
tem. This a llowed a variety of experimenta l manipulations, 
such as frequent sampling of t he tissue, and provided a good 
model with which to study the pathogenetic role of PV anti-
bodies and the development of pemphigus lesions in vitro [5-
9]. Suprabasilar acant holysis, produced in organ culture of 
normal human skin in t he presence of pemphigus IgG auto-
ant ibodies, seems to be simila r and probably ident ical to that 
of naturally occurring pemphigus. However, what has been 
critically needed is an in vivo demonstration of t he early and 
late morphologic cha nges t hat accompany acant holysis. 
Recently our laboratory established an experimental model 
of PV t hat appears to be ident ical to human PV [10]. Neonatal 
BALB/c mice a re injected wi t h whole IgG fractio ns from pa-
ti ents with active PV. The recipient mice develop skin lesions 
with highly reproducib le results, providing a valid model for 
studying t he dynamics of t he formation of acant holytic lesions 
in vivo. Taking advantage of this model, we now report a time-
course analysis of events occurring during t he development o,f 
pemphigus lesion from the clinical, ultrastructural, immuno-
logic and cytochemical points of view, with emphasis on t he 
relation between clinica l features and ultrastructural pathology. 
MATERIALS AND METHODS 
Preparation and Characterization of fgG Fraction"' 
Serum was obtained from a single patient with the typica l immu-
nologic, histo logic, and clinical features of PV. The lgG fractions from 
the patient's serum and normal human serum were purified by ammo-
nium sulfate precipitation and ion exchange chromatography, as re-
ported previously [10]. The indirect immunofluorescent ([F) titer of 
pemphigus antibodies tested against a rat-tongue epithelial substrate 
was 1:320. 
Laboratory Animals and Injection of JgG Fractions 
Neonata l BALB/c mice (less than 24 h of age) were obtained from 
a breeding colony mainta ined in the laboratory. Purified IgG fract ions 
were injected i.p. into neonatal BALB/c mice using a 30-gauge needle 
in a single adm inistration of 10 mg lgG per g body weight. 
Sampling of Shin and Serum 
Skin and serum samples were obtained from normal neonatal mice, 
from those animals receiving injections of normal human lgG, and 
from mice receiving injections of human pemphigus IgG at 1, 3, G, 12, 
18, and 24 h after injection. Skin samples from the fl ank region, where 
skin lesions most often occur, were processed for electron microscopy 
(EM), direct IF, immunoelectron microscopy (IEM), and cytochemical 
staining. 
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Levels of Huma n lgG in Mouse Sera 
Ti te rs of huma n PV ant ibodies circul atin g in the mouse serum at 
each time poin t were dete rmined by indirecl IF using rat-tongue 
epi thelium as the ti ssue subst rate [9,10]. Sections were coded a nd read 
by another investigator. 
Processing of T issue for EM 
S kin samples were cut into small pieces and fi xed wi t h 2.5% gluta r-
aldehyde in phosphate-buffered saline (PBS), postfixed with 1% os-
mium tetrox ide (Os0 4), dehydrated with a n ascending series of a lcohol , 
and embedded in Bri t ish ara ldi te (all from Polysciences, Warrington, 
Pennsylva nia ). One-micron se mithin sections we re prepared and 
stained wi t h 0.1% toluidine blue for orientation purposes. Ultrath in 
sections were sta ined wit h ura nyl acetate a nd Reynold's lead citrate 
solution [11], a nd examined wit h a JEM -lOOS t ransmission electron 
microscope (J oel Ltd., T okyo, J apa n). 
Histochemical Pr()cedures 
Ruthenium red staining: Skin samples were fi xed wi t h 1.25 % gluta r-
a ldehyde in t he presence of 500 ppm rut henium red (Sigma, St. Louis, 
Missouri ), postli xed wi t h 2% OsO, in t he presence of 500 ppm ruth -
enium red [ 12], a nd prepared for E M. One- micron semi t hin sections 
we re prepared and examined under a light microscope in order to 
co nfi rm t hat t he t issue was well stained with ruthenium red. Ultrathin 
sections were t hen prepa red and sta ined wi th ura nyl acetate a nd 
Reynold's solu t ion. 
/m munoelect:mn microscopy: Skin samples were pre fixed with freshly 
p repa red 4% para forma ldehyde (Kodak, Rochester, New York) , and 4-
JLm cryosections were prepared on albumin -coated glass slides. Cry-
osections were trea ted wit h a 1:20 dilu t ion of peroxidase-coupled goat 
ant ihuma n lgG (Cappel, Cochranville, Pennsylva nia) at room temper-
ature for 60 min. After rinsing several times, sections were incubated 
for 10 min at room temperature in a saturated so lu t ion of 3,3' -dia mi -
nobe nzidin e (DAB) (Sigma) in 0.05 M Tris-HCI buffer, pH 7.6, con-
ta inin g 0.01% H.O. [13]. The sect ions were then prepared for E M. 
U ltra thin sections were observed under EM wi t hout counte rstainin g in 
order to demonstrate t he DAB deposit ion clearly. 
Direct immunofluorescent microscopy: Cryosections of unfixed s kin 
were prepared on glass slides, sta in ed with fluorescein isothiocyanate 
(F'ITC) -conjugated goat a nt ihuman lgG (Cappel) at room temperature 
for 30 min , a nd obse rved under a flu oresce nt light microscope. 
R ESULTS 
Clinical Manifestations 
S kin lesio n s a nd a posit ive N iko ls ky s ign first appea red o n 
t he tla nk regio n 18 h a fte r p a re n ter a l P V IgG injection . This 
t ime course was hi ghly reproduc ible a nd s imila r t o the previ-
ous ly p ublis h ed resul ts [10) . Injectio n of n orm a l human lgG 
fa il ed to induce s kin lesions in a ll anima ls tested. 
PV Antibody T iters in. Animals 
Huma n PV a n t ibodies we r e detected in t h e experim enta l 
a nima l se rum as ea rly as 1 h a fte r injection (t ite r 1:40) . The 
t ite r o f P V a n t ibodi es reac hed its m a ximum a t 12 h a fter 
injectio n (ti ter 1:160) a nd h ad dec reased by 24 h (t ite r 1:20) 
(Fig l). 
Tissue Localization of Injected PV IgG 
Pemphi gus IgG was iden t ified in the int ercellula r space (IC S) 
o f m ouse epide rmis by direct IF as early as 1 h a fte r injectio n 
(Fig 2a) . The in te ns ity o f t he staining reach ed its maximum by 
6 h (F ig 2b ) a nd was still prese n t at 24 h a fte r injectio n (Fi g 
2c) . 
IEM con firmed t hat t he hum a n IgG in t h e epide rmis of th ose 
a nim a ls injected with pemphigus a n t ibodies was locat ed o n t he 
ce ll surface of t he ker a tinocytes (Fig 3a., c, at 1- a nd 6- h t ime 
po in ts, respectively ). The sta ining pattern was predomina ntly 
linea r; h owever , in som e a reas globula r depos it ion of DAB was 
observed . 
S kin bi ops ies obtained fro m mi ce injected wit h no rm a l hu -
m a n l gG s howed t he presen ce o f som e IgG in the epide rmal 
JCS, as de m onstrated by IEM (Fig 3b). H oweve r, t he inte ns ity 
o f t his stai nin g was muc h wea ke r tha n that of t he biops ies 
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FIG 1. Summary of t he clinical, immunologic, and ultrastructura l 
evolu t ion of aca nt holysis in the epidermis of mice injected with huma n 
pemphigus autoantibodies. The first column summarizes results from 
cont rol mice (results are ident ical in both uninjected mice and those 
that were injected wit h normal human lgG). S ubsequent columns rep -
resent the cha nges observed in mice receiving i.p. injections of human 
pemph igus IgG at specified t ime points. Clinical evaluation. outlines t he 
presence of macroscopic blister form ation or the Nikolsky sign. "S cis-
sor" Nikolshy's sign refers to the presence of an intraepidermal bl iste r 
in histologic specimens, often only observed at the edge of the biopsy 
specimen, a nd likely due to biopsy tra uma. PV antibody titer refers to 
the indirect IF ti te r of human pemphigus a nt ibody in the mouse serum 
at each time point. Direct IF refe rs to the direct IF procedure performed 
on the flank skin of mice at specified time points a fter injection. The 
in tensity of the JF staining is rated either posit ive( +) or negative(-) . 
The EM row shows a schematic representation of the ultrastructura l 
cha nges in t he epiderma l intercellula r spaces under norm al conditions 
and a fte r the injection of huma n pemphigus lgG. The schematic draw~ 
ings represe nt stages 0- 3, as out lined in the tex t. 
FIG 2. Direct IF of mouse skin at various time points afte r i.p. 
injection of huma n PV IgG . a., As early as 1 h after injection , human 
PV lgG can be detected in the ICS of the epidermis. b, At 6 h post 
injection, the intensity of t he ICS fluorescence has reac hed its maxi -
mum . c, Human PV lgG is still detectable at 24 h post injection. In 
this specimen, an acant holytic vesicle is present, a nd PV lgG can be 
seen on t he surface of acantholytic cells (arrows). d , Direct IF of skin 
from a nimals injected with similar doses of norma l huma n JgG were 
obta ined at these t ime points as well. No ICS fluorescence was observed 
within the epidermis. Representa tive spec imen is from 24 h post 
injection, origina l magnifica tion , X 600. 
obta ined fro m mice inject ed with pemphigus lgG , a nd this small 
amount o f norma l human IgG in t he ICS cou ld not b e de tected 
by direct IF (Fig 2d). 
Ultrastructural Changes 
For the purpose of discussion , t he morphologic changes that 
occurred in the ICS were grouped a rbitrarily into 4 s tages , 
co rresp onding to the degree of damage observed: stage 0, 1, 2, 
and 3. The c ha racte ristics o f eac h stage are summarized be low. 
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FIG 3. lrnmunoelect ron micrograph of t he epiderm is of BALB/c 
mice at selected time points a fter i.p. injection of human IgG. a., 
Specimen obta ined 1 h afte r injection of huma n pemphigus lgG. DAB 
deposit ion is observed within the intact res surrounding the surface 
of t he epidermal cells as ea rly as 1 h post injection. b, Specimen obtained 
6 h a fter injection of normal huma n IgG. Al though some DAB is seen 
within the epiderma l JCS, !.he intensity of the deposit ion is much 
weaker than in t hose biopsies from mice injected with pemphigus JgG . 
c, Specimen obtained from a mouse 6 h post injection with pemph igus 
IgG. Jn t his specimen, the ICS s hows widening, and t he DAB deposit ion 
is locali zed to the outer surface of the epidermal cells. N = nucleus of 
epidermal cells. Ba.rs = 1 11 111 . 
Stage 0: Intact ICS. Two adjacent basa l cells are apposed to 
each other. This cell junction is termed a nonspecific junction. 
In addition, they have specific junctions such as desmosomes, 
tight junctions, and intermediate junctions. Microvilli are usu-
ally folded compactly. 
Stage 1: The res is greatly widened and microvilli are "pro-
jecting" into the greatly widened res. Desmosomes and tono-
filamen ts are still in tact. 
Stage 2: Desmosomes begin to spli t into two halves and t he 
tonofilaments are withdrawn for their insertion in the attach-
ment plaque. 
Stage 3: This stage is characterized by complete cell separa-
tion and prominent cell membrane rufflings which constitute 
in terdigitations. Split desmosomes are no longer visible, and 
tonofilaments are in a perinuclear position. 
Ultrastructural Changes at 1- and 3-H Time Points 
Skin ultrastructure at these t ime points looked grossly nor-
mal except for the occasional occurrence of stage 1 changes 
(widening of the res only). Although on a rare occasion supra-
basal clefts were observed at the 1-h time point, t his usually 
occurred at the edge of the biopsy, and we assume that t his was 
probably caused by trauma at the t ime of biopsy (scissor Ni-
kolsky sign). All of these changes occurred more extensively at 
3 h than at 1 h. At this point, one would more frequent ly 
observe greatly widened res with intact desmosomes and tono-
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fi laments and the occurrence of the scissor Nikolsky's sign was 
more freq uent. 
Ultrastructural Changes at 6- and 12-H Time Points 
Stage 2 changes began to be seen from the 6-h time point 
onward. The greatly widened ICS was often filled with serum 
exudate and desmosomes were undergoing separation although 
the majori ty of desmosomes were still unaffected (Fig 4). This 
occurred in limited areas on ly at 6 h, and t he rest of the 
epidermis was cha racterized by stage 0 or stage 1 change. At 12 
h, stage 2 changes were more widespread throughout the epi-
dermis. More precise quantitation of the extent of these changes 
was not performed. 
Ultrastructural Changes at 18- and 24-H Time Points 
Morphologically, there was no significant difference between 
the two time points. Stage 3 and stage 2 changes were often 
seen, but stage 0 was quite ra re. Cell separat ion occurred in 
areas of desmosomal junctions, and t he epidermal cells began 
to complete ly detach from each other. Fig 5 shows desmosomes 
just undergoing separation (one arrow) and remnants of the 
spli t desmosomes in the ce ll periphery (double arrows). A 
change t hat appeared at t he t ime of dissolution of the desmo-
somal attachment p laques was the retraction of tonofilaments 
from the cell periphery to a perinuclear position (Fig 6) . At 
these time points, acantholytic clefts were frequently fou nd. 
We were able to recognize two different types of suprabasilar 
clefts. Fig 7 shows a suprabasal cleft with serum exudate in it 
and prominent microvilli on t he ap ical and lateral sides of the 
epidermal basal cells. In other specimens, we found another 
type of supra basal cleft which lacked both serum exudate within 
the blister cavity and prominent microvilli on the apical and 
lateral sides of the basal cells. In both types, the connection 
between the basal cells and t he basement membrane was very 
well preserved and hemidesmosomes were unaltered. T he main-
tenance of the dermal attachment, combined with the loss of 
lateral adherence of the basal cell layer resul ted in the "tomb-
stone" appearance as described by Lever [1]. Macrophage in-
vasion was not observed in the epidermis. 
Ruthenium Red Staining 
The selective staining of the ep idermal intercellular sub-
stance by ruthenium red was demonstrated in normal mouse 
skin. The in tercellular substance surrounding the surface of 
normal spinous and basal cell s is stained densely and homoge-
neously. In contrast to this linear staining, in the epidermis of 
mice injected with PV IgG, the areas of early cell detachment 
showed irregu lar and fuzzy and amorphous staining with ruth-
enium red on the outer leafl et of the plasma membrane. This 
was followed by patchy aggregation of ruthenium red on the 
cell surface. 
DISCUSSION 
In this report, we have out lined the evolut ion of the immu-
nologic and ul t rastructural injury that occurs in vivo in the 
epidermis of BALB/c mice at specific time points after receiv-
ing parenteral passive t ransfer of human pemphigus lgG. The 
present findings demonstrate a dynamic sequence of events 
t hat occur prior to and during the onset of cli ni cally apparent. 
blister formation. The binding of PV autoantibodies to the 
epidermal cells is followed ini tia lly by widen ing of the ICS 
between desmosomal junctions, fo llowed secondarily by split-
ting of the desmosomes, and finally by complete epidermal cell 
detachment. 
Within the first hour after t he i.p. injection of pemphigus 
lgG, human PV ant ibod ies were detected in the mouse seru m 
(indirect IF t iter 1:40) and bound to the epidermal res, as 
shown by both direct IF and IEM. T he initial widening of the 
epidermal ICS between desmosomal attachments was a lso dem-
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onstrated at this time point, and ruthenium red staining also 
showed ea rly cytochemica l changes that correlated with the 
ultrastructural changes. Ruthenium red, by its affinity for 
proteoglycans, outl ines the glycoca lyx of the epidermal cell s 
a nd demonstrates early changes in the "intercellula r spaces" of 
t he epidermis. The epidermis of mice injected with normal 
human lgG did not demonstrate any ultrastructural or cyto-
chemical changes. Therefore, the widening of the ICS of the 
spinous and basal cell layers detected in the mouse epidermis 
1 h a fter the i.p. injection of PV IgG was a specific pathogenetic 
effect of t he injected human PV autoantibodies. 
The ultrastructural changes produced by PV IgG in this 
system are detectab le much earlier than simila r changes which 
had been observed in skin explants exposed to PV IgG [5- 9]. 
This is likely due to the fact that, in explant systems, the 
antibodies reach the epidermis by diffusion only, while in our 
system the immunoglobulins are actively transported in the 
circulation of the animal. 
As shown in Figs 4- 6, dissolu t ion of the ICS between des-
mosomes is t hen followed by sp li tting of the desmosomes in 
two halves. The attachment plaques are seen in the periphery 
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FIG 4. Electron micrograph from 
BALB/c mouse 6 h after injection with 
human pemphigus lgG. At this time 
point, there were focal areas of stage 2 
change, i.e. , widened intercellular spaces 
(JCS) are filled with serum exudate and 
separation is beginning to occur in des-
mosomal junctions although many des-
mosomes are unaffected (clo~ed arrow8). 
Inset shows an enlarged view of the des-
mosome outlined by the white box. At 12 
h, similar changes were seen in large r 
areas of the epiderm is. These changes 
occur on the apical and lateral aspect of 
the epidermal basal cells, and the attach-
ment of ba al ce ll s to the underlying 
basa l lamina is unaffected (open arrows). 
Bar= 1 I-'m; inset bar= 0.11-'m. 
of the cell , but are separated from the tonofilaments, which 
appear to be retracted to the perinuclear area. The attachment 
plaques of these spli t desmosomes finally become undetectable 
in fully detached acantho lytic cells. 
The fate of the split desmosomes (attachment plaque and 
tonofi laments) in acantho lytic cells that are dissociated by 
exposure to PV antibodies is unique and quite different from 
the cell detachment induced by proteases such as trypsin. It 
has been known for several years that in trypsin -dissociated 
epidermal ce lls, each half of the split desmosome is internalized 
in to the cytoplasm, but the attachment plaques and tonofila-
ments remain intact [14] . Pharmacologic manipulation of tryp-
sin-dissociated epithelia l cells indicates that the split desmo-
somes may be reutilized by neighboring cells in the formation 
of new desmosomes [14]. It has been suggested by several 
authors that t he process of acantholysis in pemphigus may be 
mediated by the release or activation of extracellular proteases 
(15- 17]. The difference in behavior of the attachment plaques 
and tonofi laments in the epidermal cell detachment induced by 
PV antibodies, as opposed to that induced by trypsin, may 
suggest that extracellular proteases may not account for all of 
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t he changes of t he tonofil ament-attachment plaque complex 
seen in epidermal cells injured by PV ant ibodies. Furthermore, 
the importa nce of these intracell ular events in the rounding-
up and cell detachment characteristic of pemphigus aca ntho-
lysis remains to be cla rified. 
It is importa nt to note that our laboratories have recently 
demonstrated t hat P V autoa nt ibodies bind to an epidermal cell 
FIG 5. E lectron mic rograph of an epidermal lesion occurring in a 
mouse 24 h afte r injection of pemphigus l gG. S uch changes in t he 
desmosoma l j unctions a re frequen tly seen among basal ce lls li n ing 
acan tholytic ves icles. Ce ll detac hment extends to t he desmosoma l 
junctions. Single arrow shows t he desmosomes j ust undergoing sepa-
ration , and t he double arrows show the desmosomal rem na nts. Note 
the tonoli lament retraction from the spli t desmosomes. T his is rep re-
sen t~ati ve of stage 2 changes. D = desmosomes, Tf = tonoftlaments, V 
= vesicle cavity , N = nucleus of basal cell. Bar= 1 11 m. 
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surface ant igen , become clustered on the cell surface, and then 
a re internalized into cytoplasmic vacuoles which fi nally will 
fuse with lysosomes [18]. Whether the internalization of PV 
ant ibody molecules into lysosomes and the changes of the split 
desmosomes described herein are pathogenetically related are 
questions that we a re presently addressing. 
This study confirms earlier observations in human pemphi -
gus [3,4) and skin explants [5,8,9) that t he basal cell -dermal 
attac hment remains unaltered, even in a fully developed acan-
tholytic ves icle ("tombstone row"). T he basal cell hemidesmo-
somes a re in tact, and the dermal-epidermal junction is ul tra-
structura lly well defined. T his differs from one previous report 
which showed absent hemidesmosomes in the basa l cell layer 
[8). T he observation that the basal cell -dermal adhesion re-
mains unaltered would suggest t hat whatever factor or mediator 
(enzyme?) t hat is released by suprabasal keratinocytes does not 
affect the attachment of basal ce lls to the dermis. This is 
Fi r. 6. E lectron micrograph of a n acantholytic cell from a lesion 
occu rring 24 h after injection of pemphigus IgG. This acantholytic cell 
does not ex hibit microvill i formation, yet tonofi laments have a lready 
retracted from the cell periphery and have clustered in small bundles 
in t he perinuclear area. V =vesicle cavity, N = nucleus, Tf = tonofila-
ments. Bar = 1 11m. 
F IG 7. Cha racteristic features of a 
spontaneous ly fo rmed vesic le. Electron 
micrograph of a vesicle occurring 24 h 
after i.p. injection of pemphigus lgG . In 
th is acantholytic les ion, the basal cells 
which line the lloor of the vesicle, show 
prom inent. microvilli and the ves ic le cav-
ity is fi lled with serum exudate t hat is 
morp hologica lly identified as amorphous 
mater ia l. The attac hment of basal cells 
to the underlying dermis is well pre-
served and hemidesmosomes a re intact. 
No macrophages were observed in the 
de rmis or the epidermis. V = vesic le 
cavity, BCL = basal cell layer, BL = 
basa l lamina. Bar= 10 11111. 
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surprising, for the dermal-epidermal attachment is known to 
be extremely labile to proteases [19-21 ]. Therefore, it is con-
ceivable that the epidermal acantholysis induced by PV anti-
bodies may go through an early detachment process that is 
mediated by proteases, but the fully developed acantholytic 
vesicle may represent the end result of both intra- and extra-
cellular processes, rather than extracellular events alone. 
We found that the surface of basal cells behave differently 
in epidermal clefts that had developed spontaneously (clinical 
Nikolsky's sign) and those that were induced by mechanical 
friction (scissor Nikolsky's sign). In the former there is ruffling 
and prominent microvilli formation on t he lateral and apical 
basal cell surface, and serum exudate in the blister cav ity, 
whereas in the latter these findings are absent. The significance 
of these ce ll surface changes of the epidermal basal cells t hat 
occur when they are exposed to PV antibodies remains to be 
studied. 
These experimental observations seem to conclude the con-
troversy regarding the evolution of the primary ultrastructural 
changes in pemphigus acantholysis [2,4], for it clearly shows 
that separation occurs first between desmosomes, and second-
arily at the desmosomal junctions. Our observations would 
suggest the following correlation between t he ultrastructural 
changes and the clinical findings in patients with the disease. 
1. Clinically silent disease. During this stage patients have 
circulating PV autoantibodies in their serum which bind to the 
epidermal cells and initially lead to ultrastructural widening of 
the ep idermal ICS. The clinical Nikolsky's sign is negative, but 
mechanical fr iction of t he epidermis may induce suprabasal 
acantholysis (scissor Nikolsky's sign) that may be detected by 
EM and IEM. The suprabasal cleft in these mechanically 
induced lesions contains no serum exudate and the basal cells, 
which remain attached to the dermis, do not exhibit ruffling or 
microvilli on the lateral or apical surfaces. 
2. Clinically apparent disease. After more prolonged exposure 
to the PV autoantibodies, the epidermis shows extensive wid-
ening of the ICS, separation of desmosomes, retraction of 
tonofilame nts to t he perinuclear area, and finally dissolution 
of attachment plaques of the split desmosomes. The clinical 
Nikolsky's sign will be positive when these changes occur in 
large areas of the skin. If intraepidermal vesicles develop spon-
taneously, the suprabasal cleft will show serum exudate in the 
blister cavity and the basal ce lls will show p rominent surface 
ruffling and microvilli. Free acantholytic cells can be found in 
the blister cavity when the desmosomal detachment is com-
plete. 
The ultrastructural changes detected in the epidermis of the 
murine model of pemphigus, such as early widening of the res 
fo llowed by later spli tting of desmosomes and perinuclear ton-
ofilament retraction, and intact basal ce ll-dermal attachment, 
are a ll consistent with ultrastructural findings previously re-
ported for naturally occurring pemphigus in humans [3,4] and 
the experimenta lly induced acantholysis in human skin ex-
plants [6,8,9]. The present study on pathophysiology of the 
cutaneous lesions of pemphigus is important because it dem-
onstrates convincingly the pathogenetic role of PV autoanti-
bodies in the genesis of epidermal lesions, and that it is possible 
to perform dynamic analysis on the epidermal injury produced 
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by PV autoantibodies in an experimental an imal. This study 
shows a close correlation between the cutaneous clinical find-
ings and the ultrastructural changes observed by EM. 
In conclusion, the pemphigus animal model developed in our 
laboratory and the results of th is investigation should facilitate 
ongoing studies of the pathophysiology of pemphigus. 
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